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FOREWORD

The work reported herein was sponsored by the National Aeronautics
and Space Administration (NASA), Marshall Space Flight Center (MSFC)
under System 921E, Project 9194.

The results of the tests presented were obtained by ARO, Inc. (a
subsidiary of Sverdrup & Parcel and Associates, Inc. . cuntract operator
of the Arnold Engineering Development Cente- (AEDC), Air Force Sys-
tems Command (AFSC), Arnold Air Force Stacion, Tennessee, under
contract AF 40(600)-1200. Program direction was provided by NASA/
MSFC; engineering liaison was provided by North American Aviation,
Inc., Rocketdyne Division, manufacturer of the J-2 rocket engine, and
Douglas Aircraft Company, manufacturer of the S-IVB stage. The
testing reported herein was conducted cn August 22, 1967 in Propul-
sion Engine Test Cell (J-4) of the Large Rocket Facility (LRF) under
ARO Project No. KA1801. Tne manuscript was submitted for publi-
cation on September 19, 1967.

Information in this report is embargoed under the Department of
State International Traffic in Arms Regulations. This report may be
released to foreign governments by departments or agencies of the
U. S. Governinent subject to approval of NASA/MSFC (I-E-J), or
higher authority. Private individuals or firms require a Department
of State export license.

This technical report has been reviewed and is approved.

Harold Nelson, Jr. Leonard T. Glaser
Captain, USAF Colonel, USAF
AF Representative, LRF Director of Test
Directorate of Test
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ABSTRACT

Four firings of the Rocketdyne J-2 rocket engine were conducted
on August 22, 1967 in Propulsion Engine Test Cell ,J-4) of the Large
Rocket Facility, Arnold Engineering Development Center. The firings
were accomplished during test period J4-1801-06 at pressure altitudes
from 103, 000 to 108, 000 ft at engine start. The objectives of the test
included the evaluation of (1) thrust chamber ignition characteristics
with low augmented spark igniter mixture ratio and (2) the effects upon
engine starting transients of minimum fuel pump inlet pressure and
thrust chamber resistance for first orbit restarts with maximum start-
ing energy. Satisfactory engine operation was obtained. The accumu-
lated engine firing duration was 70. 3 sec.

[This document is subject to special export controls
and each transmittal to foreign governments or foreign
nationals may be made only with prior approval ofI NASA, Marshall Space Flight Center (I-E-). Hunts-
ville, Alabama.
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SECTION I

INTRODUCTION

Testing of the Rocketdyne J-2 rocket engine (S/N J-2052) with a
Douglas Aircraft Company S-IVB battleship stage has been in progress
since July 1966 at AEDC, in support of the J-2 engine application on
the Saturn IB and Saturn V launch vehicles for NASA Apollo Program.
The four firings reported herein were conducted during test period
J4-1801-06 on August 22, 1967 in Propulsion Engine Test Cell (J-4)
(Figs. 1 and 2, Appendix I) of the Large Rocket Facility (LRF) to
investigate J-2 engine S-IVB/S-V thrust chamber ignition character-
istics with low augmented spark igniter mixture ratio and engine start-
ing transients for first orbit restarts with maximum starting energy.
These firings were accomplished at pressure altitudes ranging from
103, 000 to 108, 000 ft (geometric pressure altitude, Z, Ref. 1) at
engine start.

Data collected to accomplish the test objectives are presented here-
in. Copies of all data obtained during this test have been previously
supplied to the sponsor, and copies are on file at the AEDC. The re-
sults of the previous test period are reported in Ref. 2.

SECTION 11
APPARATUS

2.1 TEST ARTICLE

The test article was a J-2 Rocket Engine (Fig. 3) designed and
developed by Rocketdyne Division of Noith American Aviation, Inc. The
engine uses liquid oxygen and liquid hydrogen as propellants, and has a
thrust rating of 225, 000 lbf at an oxidizer-to-fuel mixture ratio of 5. 5.
An S-IVB battleship stage was used to supply propellants to the engine.
A schematic of the battleship stage with the J-2 engine is shown in
Fig. 4.

Listings of major engine components and engine orifices for this
test period are presented in Tables I and II, respectively. All engine
modifications and component replacements performed since the pre-
vious test period are presented in Tables III and IV, respectively.

4 The thrust chamber heater blankets were in place during this test
period, although they were not utilized.

51
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2.1.1 J-2 Rocket Enginc

The j-2 rocket engine (Figs. 3 and 5 and Ref. 3), features the

following major components:

1. Thrust Chamber - The tubular-walled, bell-shaped thrust
chamber consists of an 18. 6-in. -diam combustion cham-
ber (8. 0 in. long from the injector mounting to the throat
inlet) with a characteristic length (L*) of 24. 6 in., a
170. 4-in. 2 throat area, and a divergent nozzle with an
expansion ratio of 27. 1. Thrust chamber length (from
the injector flange to the nozzle exit) is 107 in. Cooling
is accomplished by the circulation of engine fuel flow
downward from the fuel manifold through 180 tubes and
then upward through 360 tubes to the injector.

2. Thrust Chamber Injector - The injector is a concentric-
orificed (concentric fuel orifices around the oxidizer post

orifices), porous-faced injector. Fuel and oxidizer injector
orifice areas are 25. 0 and 16. 0 in. 2, respectively. The
porous material, forming the injector face, allows approxi-
mately 3. 5 percent of total fuel flow to transpiration cool
the face of the injector.

3. Augmented Spark Igniter - The augmented spark igniter
unit is mounted on the thrust chamber injector and sup-
plies the initial energy source to ignite propellants in the
main combustion chamber. The augmented spark igniter
chamber is an integral part of the thrust chamber injector.
Fuel and oxidizer are ignited in the combustion area by two
spark plugs.

4. Fuel Turbopump - The turbopump is composed of a two-stage
turbine-stator assembly, an inducer, and a seven-stage
axial-flow pump. The pump is self-lubricated and nominally

produces, at rated conditions, a head rise of 35, 517 ft
(1225 psia) of liquid hydrogen at a flow rate of 8414 gpm for

a rotor speed of 26, 702 rpm.

5. Oxidizer Turbopump - The turbopump is composed of a two-
stage turbine-stator assembly and a single-stage centrifugal
pump. The pump is self-lubricated and nominally produces,
at rated conditions, a head rise of 2117 ft (1081 psia) of
liquid oxygen at a flow rate of 2907 gpm for a rotor speed of
8572 rpm.

2
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6. Gas Generator - The gas generator consists of a combustion
chamber containing two spark plugs, a pneumatically oper-
ated control valve containing ozidizer and fuel poppets, and
an injector assembly. The oxidizer and fuel poppets pro-
vide a fuel lead to the gas generator combustion chamber.
The high energy gases produced by the gas generator are
directed to the fuel turbine and then to the oxidizer turbine
(through trie turbine crossover duct), before being exhausted
into the thrust chamber at an area ratio (A/At) of approxi-
mately 11.

7. Propellant Utilization Valve - The motor-driven propellant
utilization valve is mounted on the oxidizer turbopump and
bypasses liquid oxygen from the discharge to the inlet side
of the pump to vary engine mixture ratio.

8. Propellant Bleed Valves - The pneumatically operated fuel
and oxidizer bleed valves provide pressure relief for the
boiloff of propellants trapped between the static test stage
prevalves and main propellant valves at engine shutdown.

9. Integral Hydrogen Start Tank and Helium Tank - The integral
tanks consist of 7258-in. - sphere for hydrogen with a
1000-in. 3 sphere for helium located within it. Pressurized
gaseous hydrogen in the start tank provides the initial energy
source for spinning the propellant turbopumps during engine
start. The helium tank )- ovides a helium pressure supply
to the engine pneumatic control system.

10. Oxidizer Turbine Bypass Valve - The pneumatically actuated
oxidizer turbine bypass valve provides control of the fuel
turbine exhaust gases directed to the oxidizer turbine in order
to control the oxidizer-to-fuel turbine spinup relationship.

The fuel turbine exhaust gases which bypass the oxidizer tur-
bine are discharged into the thrust chamber.

11. Main Oxidizer Valve - The main oxidizer valve is a pneu-

matically actuated, two-stage, butterfly-type valve located
in the oxidizer high pressure duct between the turbopump and
the main injector. The first stage actuator positions the main
oxidizer valve at the 14-deg position to obtain initial thrust
chamber ignition; the second stage actuator ramps the main
oxidizer valve full open to accelerate the engine to main-stage
operation.

12. Plain Fuel Valve - The main fuel valve is a pneumatically
actuated butterfly-type valve located in the fuel high pressure
duct between the turbopump and the fuel manifold.

3
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13. Pntuumatic Control Package - The pneumatic control
package controls all pneumatically operated engine
valves and purges.

14. Electrical Control Assembly - The electrical control
assembly provides the electrical logic required for
proper sequencing of engine components during operation.

15. Primary and Auxiliary Flight Instrumentation Packages -

The instrumentation packages contain sensors required to
monitor critical engine parameters. The packages provide
environmental control for the sensors.

2.1.2 S.IVB Battl ship Stage

The S-IVB battleship stage is approximately 22 ft in diameter and
49 ft long and has a maximum propellant capacity of 46, 000 lb of liquid
hydrogen and 199, 000 lb of liquid oxygen. The propellant tanks, fuel
above oxidizer, are separated by a common bulkhead. Propellant pre-
valves, in the low pressure ducts (external to the tanks) interfacing the
stage and the engine, retain propellant in the stage until being admitted
into the engine to the main propellant valves and serve as emergency
engine shutoff valves. Propellant recirculation pumps in both fuel and
oxidizer tanks are utilized to circulate propellants through the low pres-
sure ducts and turbopumps before engine start to stabilize hardware tem-
peratures near normal operating levels and to prevent propellant temper-
ature stratification. Vent and relief valve systems are provided for both
propellant tanks.

Pressurization of the fuel and oxidizer tanks was accomplished by
facility systems using hydrogen and helium, rezpectively, as the pres-
surizing gases. The engine-supplied gaseous hydrogen for fuel tank
pressurization during S-IVB flight was routed to the facility vent system.

2.2 TEST CELL

Test Cell (J-4), Fig. 2, is a vertically oriented test unit designed
for static testing liquid-propellant rocket engines and propulsion sys-
tems at pressure altitudes of 100, 000 ft. The basic cell construction
provides a 1. 5-million-lbf-thrust capacity. The cell consists of four
major components: (1) test c',psule, 48 ft in diameter and 82 ft in
height, situated at grade level and containing the test azticle; (2) spray
chamber, 100 ft in diameter and 250 ft in depth, located directly be-
neath the test capsule to provide exhaust gas cooling and dehumidifica-
tion; (3) coolant water, steam, nitrogen (gaseous and liquid), hydrogen

4
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(gaseous and liquid), liquid oxygen, and gascous helium storage and
delivery systemsq for onpr~timnf of th cllan -tetatl; and ()con-
trol building, containing test article controls, test cell controls, and
data acquisition equipment. Exhaust machinery is connected with the
spray chamber and maintains a minimum test cell pressure before and
after the engine firing and exhausts the products of combustion from the
engine firing. Before a firing, the facility steam ejector, in series with
the exhaust machinery, provides a pressure altitude of 100, 000 ft in the
test capsule. A detailed description of the test cell is presented in
Ref. 4.

The battleship stage and the J-2 engine were oriented vertically
downward on the centerlinE of the diffuser-steam ejector assembly.
This assembly consisted of a diffuser duct (20 ft in diameter by 150 ft
in length), a centerbody stearn ejector within the diffuser duct, a dif-
fuser insert (13. 5 ft in diameter by 30 ft in length) at the inlet to the
diffuser duct, and a gaseous nitrogen annular ejector above the diffuser
insert. The diffuser insert was provided for dynamic pressure recov-
ery of the engine exhaust gases and to maintain engine ambient pressure
altitude (attained by the steam ejector) during the engine firing. The

4 annular ejector was provided to suppress steam recirculation into the
test capsule during steam ejector shutdown. The test cell was also
equipped with (1) a gaseous nitrogen purge system for continuously
inerting the normal air inleakage of the cell; (2) a gaseous nitrogen
repressurization system for raising test cell pressure, after engine
cutoff, to a level equal to spray chamber pressure and for rapid emer-
gency inerting of the capsule; and (3) a spray chamber liquid nitrogen
supply and distribution manifold for initially inerting the spray cham-
ber and exhaust ducting and for increasing the molecular weight of the
hydrogen-rich exhaust products.

An engine component conditioning system was provided for temper-
ature conditioning engine components. The conditioning system util-
ized a liquid hydrogen-helium heat exchanger to p, (vide cold helium
gas for component conditioning. Engine components requiring tempera-
ture conditioning were the thrust chamber and crossover duct. Helium
was routed internally through the tubulP r-walled thrust chamber and
crossover duct.

2.3 INSTRUMENTATION

Instrumentation systems were provided to measure engine, stage,
and facility parameters. The engine instrumentation was comprised of

5
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(1) flight instrumentation for the measurement of critical engine param-
eterS -and (2) facil.y instr ui:,eitatiuvi which was provided to verity the
flight instrumentation and to measure additional engine parameters. The
flight instrumentation was provided and calibrated by the engine manu-
facturer; facility instrumentation was initially calibrated and periodically
recalibrated at AEDC. Appendix III contains a list of all measured test
parameters and the locations of selected sensing points.

Pressure measurements were made using strain-gage-type pres-
sure transducers. Temperature measurements were made using re-
sistance temperature transducers and thermocouples. Oxidizer and fuel
turbopump shaft speeds were sensed by magnetic pickup. Fuel and
oxidizer flow rates to the engine were measured by turbine-type flow-
meters which are an integral part of the engine. The propellant recir-
culation flow rates were also monitored with turbine-type flowmeters.
Engine side loads were measured with dual-bridge, strain-gage-type
load cells which were laboratory calibrated before installation. Vibra-
tions were measured by accelerometers mounted on the oxidizer injector
dome and on the turbopumps. Primary engine and stage valves were
instrumented with linear potentiometers and limit switches.

The data acquisition systems were calibrated by (1) precision elec-
trical shunt resistance substitution for the pressure transducers, load
cells, and resistance temperature transducer units, (2) voltage sub-
stitution for the thermocouples, (3) frequency substitution for shaft
speeds and flowmeters, and (4) frequency-voltage substitution for
accelerometers.

The types of data acquisition and recording systems used during
this test period were (1) a multiple-input digital data acquisition system
(Microsadic®) scanning each parameter at 40 samples per second and
recording on magnetic tape, (2) single-input, continuous-recording FM
systems recording on magnetic, tape, (3) photographically recording
galvanometer osci".ographs, (4) direct-inking, null-balance potentiometer-
type X-Y plotters and strip charts, and (5) optical data recorders.
Applicable systems were calibrated before each test (atmospheric and
altitude calibrations). Television cameras, in conjunction with video
tape recorders, were used to provide visual coverage during an engine
firing, as well as replay capability for immediate examination of un-
expected events.

"6
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2.4 CONTROLS

Control of the J-2 engine, battleship stage, and test cell systems
during the terminal countdown was provided from the test cell control
room. A facility control logic network was provided to interconnect
the engine control system, major stage systems, the engine safety

cutoff system, the observer cutoff circuits, and the countdown
sequencer. A schematic of the engine start control logic is presented
in Fig. 6. The sequence of engine events for a normal start and shut-
down is presented in Figs. 7a and b. Two control logics for sequencing

the stage prevalves and recirculation systems with engine start for
simulating engine flight start sequence are presented in Figs. 7c and d.

SECTION III
PROCEDURE

Preoperational procedures were begun several hours before the
test period. All consumable storage systems were replenished and
engine inspections, leak checks, and drying procedures were conducted.
Propellant tank pressurants and engine pneumatic and purge gas samples
were taken to ensure that specification requirements were met. Chemi-
cal analysis of propellants was provided by the propellant suppliers.
Facility sequence, engine sequence, and engine abort checks were con-
ducted within a 24-hr time period before an engine firing to verify the
proper sequence of events. Facility and engine sequence checks con-

sisted of verifying the timing of valves and events to be within speci-
fied limits; the abort checks consisted of electrically simulating
engine malfunctions to verify the occurrence of an automatic engine cut-
off signal. A final engine sequence check was conducted immediately
preceding the test period.

Oxidizer dome, gas generator oxidizer injector, and thrust cham-
ber jacket purges were initiated before evacuating the test cell. After
completion of instrumentation calibrations at atmospheric conditions,
the test cell was evacuated to approximately 0. 5 psia with the exhaust

machinery, and instrumentation calibrations at altitude conditions were
conducted. Immediately before loading propellants on board the vehicle,
the cell and exhaust-ducting atmosphere was inerted. At this same time,
the cell nitrogen purge was initiated for the duration of the test period,

except for the engine firing. The vehicle propellant tanks were then
loaded, and the remainder of the terminal countdown was conducted.
Table V presents the engine purge operations during the terminal count-
down and immediately following the engine firing.

7
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Temperature conditioning of the thrust chamber and turbine cross-
over system was accomplished as required, using the fc^,l ... SUP.e.3'
conditioning system.

SECTION IV
RESULTS AND DISCUSSION

4.1 TEST SUMMARY

Four firings were conducted during test J4-1801-06 on August 22,
1967 for a total firing duration of 70. 3 sec. All firings were in support
of the S-IVB/S-V J-2 engine developmental program. Thermal condi-
tioning of the thrust chamber and turbine crossover system was accom-
plished to simulate the flight engine thermal conditioning predicted for
(1) J-2 engine first burn and (2) engine restart after a 90-min orbit. A
propellant utilization valve excursion from null to the full-closed posi-
tion was conducted during the 30-sec firings 06A and 06C, effectively
changing the oxidizer-to-fuel ratio from 5. 0 to 5. 5. Firings 06B and 06D
(each of 5-sec duration) were conducted with the propellant utilization
valve fully open. Firings 06A and 06C were preceded by 3-sec fuel leads;
06B and 06D were preceded by 8-sec fuel leads.

Specific test objectives and a brief summary of results obtained for
each firing are presented as follows:

Firing Test Objectives Results

06A Evaluate the effects of low A minimum stall margin of
start tank energy and -2001F 600 gpm was realized in the
thrust chamber upon hWgh region above 5500 gpm.
level fuel pump stall for a
S-IVB/S-V first burn.

06B Evaluate the effects of A minimum stall margin of
minimum fuel pump :nlet 1600 gpm was realized in the
pressure upon low level region below 5500 gpm.
fuel pump stall for a
S-IVB!S-V first orbit re-
start with maximum starting
energy.

06C Evaluate thrust chamber A thrust chamber pressure of
ignition characteristics for 100 psia was attained at
a S-IVB/S-V first burn with to + 1. 035 sec. VSC was meas-
low augmented spark igniter ured for 95 msec during the
mixture ratio, ignition transient.

8
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Firing Test Objectives Results

U06D Evaluate the effects of thrust A thrust chamber pressure of
chamber resistance upon 100 psia was attained at
engine starting charactefis- to + 1. 008 sec. VSC was meas-
tics for a S-IVB/S-V first ured for 18 msec during the
orbit restart with maximum ignition transient. The gas
starting energy. generator outlet tempera-

ture first peak was 1970°F.

The presentation of the *est results in the following sections will
consist of a discussion of each engine firing. The data presented will
be that recorded by the digital data acquisition system, except as noted.

Specific test requirements and results are summarized in Table
VI. Start and shutdown times of engine valves are presented in
Table VII. Included in Table VII are prefiring valve times obtained
from the final sequence run. The pump inlets, start tank, and helium
tank pressure and temperature conditions at engine start are shown
in Fig. 8.

4.2 TEST RESULTS

"4.2.1 Firing J4.1801.06A

Firing 06A was of 33-sec duration with a propellant utilization
valve excursion from null to fully closed at to + 13 sec. The firing
was preceded by a 3. 0-sec fuel lead. A summary of engine start
requirements and test results is presented in Table VI.

Engine start and shutdown transients of selected primary engine
parameters are shown in Fig. 9. The initial gas generator outlet tem-
perature peak was 1830°F. Initial main oxidizer valve second stage
movement occurred at to + 1. 005 sec. Thrust chamber ignition
occurred 1. 055 sec after to, and engine vibrations (VSC) were re-
corded at to + 1. 053 sec for 24 msec.

Transient fuel pump head/flow data for firing 06A are compared
with the stall inception curve in Fig. 10. In the particular region of
investigation for this firing (above approximately 5500 gpm), a mini-
mum stall margin of 600 gpm was realized.

4

A summary of start and shutdown times for engine valves during
06A is shown in Table VII. All valve operating times were consistent
and normal.

9
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Engine chamber pressure and test capsule ambient pressure for
firing 06A are shuwn in Fig. 1i. The effects c" the propellant utiliza-

Stion valve excursion occurred at approximately to + 13 sec, at which
rime engine chamber pressure increased from 690 to 780 psia.
Thermal conditions of _:ngine components are shown in Fig. 12.

Engine steady-state performance data are presented in Table VIII.
The data presented were for a 1-sec data average of test measurements
from 29 to 30 sec, and were computed using the Rocketdyne PAST 640
modification zero performance computer program. Engine test meas-
urements required by the program and the program computations are
presented in Appendix IV.

4.2.2 Firing J4.1801.06B

Firing 06B was conducted 19 min after firing 06A .o provide engine
component temperatures after a simulated 90-min orbit; this firing
was of 5-sec duration preceded by an 8-sec fuel lead. The propellant
utilization valve was fully open throughout the firing. A summary of
engine start requirements and results is presented in Table VI.

Engine start and shutdown transients of selected primary engine
parameters are shown in Fig. 13. The initial gas generator outlet tem-
perature peak was 2160°F with a second peak of the same magnitude.
Initial main oxidizer valve second stage movement occurred at
to + 1. 160 sec. Thrust chamber ignition occurred 0. 942 sec after to,
and no engine vibration (VSC) was recorded.

Transient fuel pump head/flow data for firing 06B was documented,
and compared with the stall inception curve in Fig. 14. In the particu-
lar region of investigation for this firing (below approximately 550 gpm),
a minimum stall margin o" "600 gpm was realized.

A summary of start and shutdown times for engine valves during
firing 06B is shown in Table VII. All valve operating times were con-
sistent and normal.

Engine chamber pressure and test capsule ambient pressure for
firing 06B are shown in Fig. 15. Thermal conditions of selected engine
components are shown in Fig. 16.

4.2.3 Firing J4.1801.06C

Firing 06C was of 30-sec duration with a propellant utilization
valve excursion from null to fully closed at to + 23 sec. The firing was 4

preceded by a 3-sec fuel lead. A summary of engine start requirements
and test results is presented in Table VI.

10I
!10

__ _ _ _ _ _ _ _ _ _ _ -- F- --



AEDC-1 R-67-215

Engine start and shutdown transients of selected primary engine

parameters are shown in Fig. 17. The initial gas Lgenerator outlel
temperature peak was 1400°F. Initial main oxidizer valve second
stage movement occurred at to - 1. 038 sec. Thrust chamber igni-
tion occurred 1. 035 sec after to, and engine vibrations (VSC) were
recorded at to + 1. 032 sec for 95 msec.

A summary of start and shutdown times for engine valves during
firing 06C is shown in Table VII. All valve operating times were .•on-
sistent and normal.

Engine chamber pressure and test capsule ambient pressure for
firing 06C are shown in Fig. 18. The effects of the propellant utiliza-
tion valve excursion occurred at approximately to + 23 sec, at which
time engine chamber pressure increased from 690 to 780 psia. Thermal
conditions of selected engine components are shown in Fig. 19.

Engine steady-state performance data are presented in Table VIII.
The data presented were for a 1-see data average of test measurements
from 29 to 30 sec, and were computed using the Rocketdyne PAST 640
modificati(.n zero performance computer program. Engine test meas-
urements required by the program and the program computations are
presented in Appendix IV.

4.2.4 Firing J4.1801.06D

The 90-min restart simulation firing, 06D, was of 5-sec duration
preceded by an 8-sec fuel lead. The propellant utilization valve was
fully open throughout the firing. A summary of engine start require-
ments and results is presented in Table VI.

Engine start and shutdown transients of selected primary engine
parameters are shown in Fig. 20. The initial gas generator outlet
tem-erature peak was 1970 0F. Initial main oxidizer valve second stage
movement occurred, to + 1. 016 sec. Thrust chamber ignition occurred
1. 008 sec after to, and engine vibrations (VSC) were obser-ed at
to + 1. 012 sec for 18 ms( c.

A summary of start and shutdown times for engine valves during
firing 06D is shown in Table VII. All valve operating times were con-
sistent and normal.

SEngine chamber pressure and test capsule ambient pressure for
firing 06D are shown in Fig. 21.

11
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Thermal conditions of selected engine components are shown in
Fig. 22. The cool-down rate of the turbine cros-ovp .ryvtPm, .. ,r-i

to this firing, was excessive, indicating possible leakage through the
gas generator control valve. A pressure decay check of the fuel sys-
tem, immediately following the firing, indicated leakage; however,
subsequent leak checks conducted at ambient temperature conditions did
not locate a leakage source.

4.2.5 Post-lest Inspection

Post-test inspection showed the engine condition to be satisfactory.

SECTION V

SUMMARY OF RESULTS

The results of these four firings of the Rocketdyne J-2 engine con-
ducted on August 22, 1967, in Test Cell J-4 are summarized as follows:

1. A minimum fuel pump stall margin of 600 gpm was

realized in the flow region above 5500 gpm for a first-
burn simulation with low starting energy.

2. A minimum fuel pump stall margin of 1600 gpm was
realized in the flow region below 5500 gpm for a re-

start simulation with high starting energy.

3. Thrust chamber ignition characteristics for a first
burn with low augmented spark igniter mixture ratio

were satisfactory.

4. Engine vibrations in excess of ±150 g in the frequency
range of 960 to 6000 Hz were measured during three of

the four firings.

5. Engine valve operating times were consistent and normal.

12
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Time Index Lines, 1-sec Intervals
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Time Index Lines, 1-sec Intervals
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Fig. 9 Continued
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TABLE I
MAJOR ENGINE COMPO'IENTS

Part Name P/N S/N

Thrust Chamber Body 206600-31 4076553

Thrust Chamber Injector Assembly 208021-11 4084917
Fuel Turbopump Assembly 459000-161 4062085

Oxidizer Turbopump Assembly 458175-71 6623549

Start Tank 303139 0064

Augmented Spark Igniter 206280-21 3661349

Gas Generator Fuel Injector and Combustor 608360-11 4066541

Pneumatic, Control Assembly 558130-41 4092999

Electrical Control Package 502670-11 4081748

Primary Flight Instrumentation Package 703685 4078716

Auxiliary Flight Instrumentation Package 703680 4078718

Main Fuel Valve 409120 4056924

Main Oxidizer Valve 411031 4089563

Gas Generator Control Valve 3n9040 4074190

Start Tank Discharge Valve 306875 4079062

Oxidizer Turbine Bypass Valve 409940 4048489

Propellant Utilization Valve 251351-11 4068944

Main-Stage Control Valve 558069 8313568

Ignition Phase Control Valve 558069 8275775

Helium Control Valve 106012000 342270

Start Tank Vent and Relief Valve 557828-X2 4046446

Helium Tank Vent Valve 106012000 342277

Fuel Bleed Valve 309034 4077749

Oxidizer Bleed Valve 309029 4077746

Augmented Spark Igniter Oxidizer Valve 308880 4077205

P/A Purge Control Valve 557823 4073021

Start Tank Fill/Refill Valve 558000 4079001

Fuel Flowmeter 251225 4077752

Oxidizer Flowmeter 251216 4074114

Fuel Injector Temperature Transducer NA5-27441 12401

Restartable Ignition Detect Probe XREO915389 211
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")ABLE II
SUMMARY OF ENGINE ORIFICES

Orifice Part Diameter

Name Number (Except as Noted)

Gas Generator Fuel RD 251-4107 0.480 in.

Gas Generator Oxidizer RD 251-4106 0. 281 in.

Oxidizer Turbine RD 273 1. 571 in.
Bypass Valve

Main Oxidizer Valve 556443 8. 34 scfn

Closing Control

Turbine Exhaust RD 251-9004 9. 99 in.

Augmented Spark 4063461 0. 137 in.
Igniter Oxidizer 4 0. 125 in.
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TABLE Iii
ENGINE MODIFICATIONS

(Between Tests J4.1801.05 and J4-1801-06)

Modification Completion Date Description of Modification

ECP 507 August 18, 1967 Remove Instrumentation Line

(PGBNI)

ECP - Rocketdyne Engineering Change Proposal

TABLE IV
ENGINE COMPONENT REPLACEMENTS

(Between Tests J4-1801.05 and J4.1801.06)

Replacement Completion Date Component Replaced

UCR-007982 August 18, 1967 Fuel Turbopump Assembly

UCR - Unsatisfactory Condition Report
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TABLE VI
SUMMARY OF TEST REQUIREMENTS AND RESULTS

FritgfingNumber 4 1801.'~

11-r 'tnt ltu k.m
1 ~ aegl It Hutu 0,0 i'00

F- , r-- -(Dce '00 to1 7208

Iimct"u r~~-v Dam 2.340AugI o f 187 L 1 t0 ut '± I 197, 4r,03/8 t2 1 9± 0I 454 4 0 1 l 22 44

- ---
3u5 Orm In) CuJ4m 95 P.4 2't1 2)7 7' ~ 87 350t,01, 454 4 0 1 0 44

0rd- P-0 I-- C- -I
En .hgine Sin: Temp lul *P "-42194 0 4 4 2941 5j .1- 42 1 0 4ý -s7 I 29 ' 44'5 , 0 4 '2508

S 'Fesnure p-i 358' 10 234 0'l 412 50 .0 140S0 t0
Start a- Pu.odinueo ndi t 140 10 124 ,48 1 4

Engine~~~~~ Str 'lni1)tr p 41 11 010! -241 5 '-140±10 -1449 20 3
1  

4

(l~toTn Cnltos Prenuen PSI- 22&I 2q12 2227 227
at Engin Star' -

*Temperaturre -144 0 -500 , , -1459 9 314J

T r-i C hamber Tempera- 'Throat. TOG -19 - -360 7 3 2 ,-

start/to. 'F Ainrge, - 28

FTFTD-2 1,10 ±l 112 I 431 -100- 15 -110 -- 18
Cei'soer D-i Temper; -15

t Loat~gin, t '-t TFTD-i 1008t15 -120 70 '70 100i3 1. 170 15 11t

TT -8 -100:ý 15 91 -- 316 -100 1 ý -5239

IptelLeud inn00 ý 79'`6 3 0 3 008 80 F 80

P-1l,11-- 1i rgnnT' !4 1 70 'me m. 10 10

* ,lr l'oaneiv loti~o, Time, muu 10 10 10 10 F- 10 II , 1I

Gas Ge,, aoe Ouixre- Supply Line 2 57 7 ,
Temoerature at ngiiie St.n-,. -F TOBIi-2-2

TOBS-3 G 32 2 F1 2 53 0

IVibratIi 971 Coutt DuratIon(mel rdI

Occmure-m-- Time (sec) teram I8 ®II02 ___ _1~

asGeneratie (Mullt Iiu ia - 1803 2160 1120 1970
F, Temperaure FS-. P -

ManlCt~mtnt- Ignillon (P, 7 00 p-i) Time, - I 10308

FMain Osidiare Vale On d-Oage, (imal - IOo 6 F.
: 01 oý1 10 0I 0161

Movmnt, re (Re bIG

\tAi-Stagn Peessaee o v2,sen(t~fetm2o -0 1 692 1 684

5SO-p-t 0-aber Pres..ure Alttained se960 __ 1
IF -r 4 13 2 2877

;(RefIF
8

P -is

peplan ~liaioValen Pastion alt r aI Sal- OýnNu jNl OPen O

'Start, dleg LEgiv Startl/t
0 

,'10 sn- C e ,-' - J osd lue

NOTE, Gal~a reduced from viollogeam

57



AEDC-TR-67-215

~ -. ~ jolo d

c! -.o' N 0

H- o-o o o

St >c z >, 2

0a

010 -0

N~~~~NE N . o 2 ~ N 0

I 0
0.J,

58 0-. 0 0



AEDC-TR-67-215

TABLE VIII l
ENGINE PERFORMANCE SUMMARY

Firing Number J4-1801- -06A -06C

Site Normalized Site Normaized

Time, sec 29.5 29.5 29.5 29.5

Thrust, lbf 227,000 225,000 226,000 224,000

Chamber Pressure, psia 765.8 757.4 762.8 752. 7
Mixture Ratio 5.287 5.285 5.311 5.338Engine

Performance Fuel Weight Flow, Ibm/sec 83.94 83.06 83.57 82.22

Oxidizer Weight Flow, lbm/ sec -443.8 439.0 443.9 438.9

Total Weight Flow, ibm/sec 527.8 522.0 i 527.4 521.1

Mixture Ratio 5.481 5.481 5. 506 5.537
Thrust
Chamber Total Weight Flow, Ibm/sec 520.8 515.1 520.4 514.2
Performance Characteristic Velocity, ft/sec 8061 8060 8034 8024

Pump Efficiency, percent 73.5 73.5 73.5 73.5

Pump Speed, rpm 27,025 26,859 26,954 26,689

Fuel (

Turbopump Turbine Efficiency, percent 60.7 60.6 (1) (1)

Performance Turbine Pressure Ratio 7.47 7.47 (1) (1)

Turbine Inlet Temperature, °F 1234 1218 1232 1216

Turbine Weight Flow, lbm/sec 7.03 6. 99 7.01 6. 96

Pump Efficiency, percent 80. 1 80. 1 80. 1 80.1

Pump Speed, rpm 8482 8412 8470 8403

Oxidizer Turbine Efficiency, percent 46.8 46.6 (1) (1, m

Turbopump Turbine Pressure Ratio 2. 67 2.67 (1) (1)
Performance Turbine Inlet Temperature, *F 764 752 754 744

_ _ _ Turbine Weight Flow, lbm/sec 6.11 6.08 (1) (1)
I Geratos ~ MxueRtoFoimsc60 1 1

Gas Mixture Ratio 0.960 0. 950 0.959 0.949

Performance Chamber Pressure, psia j 654.9 649.3 652.3 645.9

Site - Test Data

Normalized - Test data corrected to standard pump inlet and engine ambient pressure conditions.

NOTE: (1) Calculation invalidated by loss of POTI-lA measurement.
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APPENDIX III
INSTRUMENTATION

The instrumentation for AEDC Test J4-1801-06 is tabulated in
Table 111-1. The location of selected major engine instrumentation is
shown in Fig. III-1.
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ITABLE ii.i
INSTRUMENTATION LIST

AEDC Tap Micro- Magnetic Oseillo- Sip X-YCode Parameer No._R.nge SADIC Tape graph Cnort Plotter

Curr ent amp
ICC Control 

0 to 30 x x
IIC Ignition 

0 to 30 x x

Event
EECL Engine Cutoff Lockin on/off x x
EECO Engine Cutoff Signal on/off x x x
EES Engine Start Command on/off x x
EFBVC Faet Bleed Valve Closed Limit open/closed x
EFJT Fuel Injector Temperature OK on/off x x
EFPVC/O Fuel Prevalve Closed/Open Limit closed/open x
EHCS Helium Control Solenoid on/off x x
EID Ignition Detected on/off x x
EIPCS Ignition Phase Control Solenoid on/off x xEMCS Main-Stage Control Solenoid on/off x a
EMP-I Main-Stage Pressure OK, No. I on/off x x
EMP-2 Main-Stage Pressure OK, No. 2 on/off x x
EOBVC Oxidizer Bleed Valve Closed Limtt cpen/closed x
EOPVC Oxidizer Prevalve Closed Limit closed x x
EOPVO Oxidizer Prevalve Open Limit open x x
ESTDCS Start Tank Discharge Control SoLenoid on/off x x x

Spark Rates
RASIS-I Augmented Spark Igniter Spark No I on/off x
RASIS-2 Augmented Spark Igniter Spark No 2 on/off x
HGGS- I Gas Generator Sp~ri, No 1
RGGS-2 Gas Generator Spark No 2 

x
Flows gpm

QF-IA Fuel PFF 0 to 9000 x x
QF-2 Fuel PFFA 0 to 9000 x a x
QF-2SD Fuel Stall Approach Monitor 0 to 9000 a
QFRP Fuel Recirculation 0 to 160 x
QO- IA O'idtzer POF 0 to 3000 x a
QO-2 Oxidize! POFA 0 to 3000 x x

QORP Oxidizer Recirculation 0 to 50 x x

Forces lbf
FSP-I Side Load (Pitch) 120,000 x
FSY- 1 Side Load (Yaw) 120,000 x x

Position Percent Open
LFVT Main Fuel Valve 0 to ZOO x xLGGVT Gas Generator Valve 0 to 100 x x
LOTBVT Oxidizer Turbine Bypass Valve 0 to 100 a x
LOVT Main Oxidizer Valve 0 to 100 x x
LPUTOP Propellant Utilization Valve 0 to Or0 x x xI STDVT Start Tank Discharge Valve 0 to 100 x x
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TABLE 111.1 (Continued)

AI'DC Tap Micro- Magnetic Oscillo- Strip X-Y

Code I'.oamit oe N R ange 11 "J~ grAplh Chai t MtottL

PAl 1l"t Cell 0 to 0 5 x

PA2 Test Cell 0 to x

i PA3 Test Cell 0 to x0

PC-I P Thrust Chamber CGI 0 to 1000 x

PC-3 Thrust Chamber CGI.\ 0 to 1000 x x x

PCASI-2 Augmented Spark Igniter Chanibr r IG1 0 to 1000 x

PCGG-IP Gas Generator Chamber GGI 0 to 1000 X X a

PCGG-2 Gas Generator Chamber GGIA 0 to 1000 x

PFASIJ AugruentLd Spark Igniter Fuel
Injection 0 to 1000 X

PFJ- IA Main Fuel hjection CF2 O w 1000 x a

PFJ-2 Main Fuel Injection CF2\ 0 to 1000 X

PFJGG- 1A Gas Generator Fuel Injection GF4 0 to 1000 x

PFJGG-2 Gas Generator Fuel Injection GF4 0 to 1000 % a

PFMI Fuel Jacket Inlet Manifold CF1 0 to 2000 a

PFOI-IA Full Tapoff Orifice Outlet HF2 0 to 1000 a

PFPC'- IA Fuel Pomp Balance Piston Cavity PF5 0 to 1000 N

PFPD-IP Fuel Pump Discharge PF3 0 to 1500 X

PFPD-2 Fu, 1 Pump Discharge PF2 0 to 1500 N x X

PFPI- I Fuel Pump Inl. t 0 to 100 a

PFP1-2 Fur
1 

Puimp Inlet 0 to 200 a a

PFPI-3 Fuel Pump Inlet 0 to 200 a a

PFPS- 1 P Furl Pump Intel stage PF6 0 to 200 X

PFRPO Fual Recirculation Pump Outlet 0 to £0 a

PFRPR Fuel Recirculation Pump Return 0 to 50 X

PFcT-1P Fuel Start Tank TF1 0 to 1300 X a

PFST-2 Fuel 'tart Tank TFI 0 to 1500 x

PFUT Fuel Tank bllage 0 to 100 X

PFVI Fuel Tank Repressu izatron Line
Nozzle Inlet 0 to 1000 a

PFVL Fuel Tank Repi essui ization Line
Nozzle Throat 0 t') 1000

PHECMO Pneumatic Contro. Mlodule Outlet 0 to 750 a

PHEOP Oxidizer Recirculation Pump
Purge 0 t 150

SPHET-1P Ielium Tank NN1 0 t" "500 % x

Pil I -2 Helium Tank NN 1 0 to 3500 x x

PHIRO-I \ Helium Regulator Outlet NN2 0 to 730 X

POBSC Oridizer Bootstrap Conditioning 0 to 50 X

POBV Gas Generator Oxidizer Bleed
Valve G02 0 to 2000 a

POJ- IA Main Oardrzei Injection C03 0 to 1000 a

POJ-2 Main Oxidizer Injection CO3A 0 to 1000 X x

POJGG IA Gas Generator Oxrd:zer Injection G05 0 to 1000 X a *
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S 0

TABLE I11-1 (Continued)

AEDC Tap Micro- Magnetic Oscillo- Strip X-Y

Code Pa aineter No Pange SAI)IC Tape graph Chart Plotter

Piessure psia

POJGG-2 Gas Generator Oxidlzcr Injection GO5 0 to 1000 x

POPBC-1A Oxidizer Pump Bearing Coolant 1O07 0 to 500 x

POPD-lP Oxidizer Pump Discharge P03 0 to 1500 x

POPD-2 Oxidizer Pump Discharge P02 0 to 1500 xx x

POPI- 1 Oxidizer Pump Inlet 0 to 100 x x

POPI-2 Oxidizer Pump Inlet 0 to 200 x x

POPI-3 Oxidizer Pump Inlet 0 to 100 x

POPSC-IA Oxidizer Pump Primary Seal
Cavity PO6 0 to 50 x

POR PO Oxidizer Recirculation Pump
Outlet 0 to 115 x

PORPR Oxidizer Recirculation Pump
Return 0 to 100 x

POTI-1A Oxidizer Turbine Inlet TG3 0 to 200 x

PCOTO-lA Oxidizer Turbine Outlet TG4 0 to 100 x

POUT Oxidizer Tank Ullage 0 to 100 x

POVCC Main Oxidizer Valve Closing
Control 0 to 500 x

POVI Oxidizer Tank Repressurizatiomn
Line Nozzle Inlet 0 to 1000 x

POVL Oxidizer Tank Repressurization
Line Nozzle Throat 0 to 1000 X

PPUVl- 1A Propellant Utilization Valve Inlet PO8 0 to 1000 x

PPUVO-1A Propellant Utilization Valve Outlet P09 0 to 500 x

PTCFJP Thrust Chamber Fuel Jacket Purge 0 to 100 x

PTPP Turbopump and Gas Generator
Purge 0 to 250 x

Speeds rpm

NFP-'P Fuel Pump PFV 0 to 30,000 x x x

NFRP Fuel Recirculation Pump 0 to 15, 000 x

NOP-lP Oxidizer Pump POV 0 to 12,000 x x x

NORP Oxidizer Recirculation Pump 0 to 15,000 x

Temperatures 'F

TAI Test Cell (North) -50 to +800 x

TA2 Test Cell (East) -50 to +800 x

TA3 Test Cell (South) -50 to +800 x

TA4 Test Cell (West) -50 to +800 x

TAIP-lA Auxiliary Instrument Package -300 to -+200 x

TBHR-1 Helium Regulator Body (North
Side) -100 to +50 x

l'BHR-2 Helium Regulator Body (South
Side) -100 to +50 X

TBSC Oxidizer Bootstrap Conditioning -350 to -+150 x

TECP-IP Electrical Controls P-i.ge NST1A -300 to1200 x x
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TABLE I11-I (Continued)

A'I)C Tap Micro- Magnetic Osi i1o Strip X-Y
Cord Jar marietir No l-,,rgc qADIC 'rape graph Chart Plotter

I t'itpC dtiit , Am

TFASIJ Augmenirted Spat , Ignotc r l'uiel
Injection IFTI -423 to 100 x x

"TFASIt- I \igoeritend Spar i Igniter Fuel
Line -300 to 4200 \ x

"I FASIL -2 Augmented 'par k Igniter Fuel
Line -300 to +200 x x

* TFBV- IA Fuel Bleed Valve GFT1 -425 to -373 x

* TFJ-IP Main Fuel Injection CFT2 -425 to '250 x x x

TFPB- IA Fuel Pump Bearing - 125 to -325 x

TFPD- 1P Fuel Pump Discharge PFTI -423 to -400 x x x

TFPD-2 Fuel Pump Dic•harge PFTI -425 to -400 x I
TFPDD Fuel Pump Discharge Duct -320 to 1300 x
TFPI I Ft.,l Pump Inlet -425 to -400 x x
TFPI-2 Fuel Pump Inlet -425 to -400 x x

TFRPO Fuel Rectrculation Punrp Outlet -425 to -410 x

TFRPR Fuel Rceirculation Pump Return
Line -425 to -250 x

TFRT-1 Fuel Tank -425 to -410 x

TFRT-2 Fuel Tank -425 to -410 x

TFST-IP Fuel Start Tank TFTI -350 to +100 x

TFST-2 Fuel Start Tank TFTI -350 to 1 100 x x

TFTD-1 Fuel Turbine Dischaige Duct -200 to +800 x I
F

TFTD-2I Fuel Tuobine Discharge Collector -200 to -1000 x

TFTD-2 Fuel Turbine t)ischarge Duet -200 to 1000 x x

TFTD-3 Fuel Turbine Dl~ichar-gc Du~t -200 10 11I000 A -a

FFTD-3R Fuel Turbine Discharge Line -200 tc, '900 x

TFTD-4 FVie, Tux bine Discharge Duct -200 to ' 1000 x

TFTD-4R Fuel 'T'urbine Drschig, Lie -200 to i900 X

TFTD-5 Fuel Furbine Discharge Duet -200 to ' 1400 x

TFTD-b Fuel Turbine Discharge Duct -200 to 1 1400 X

TFTD-7 Fuel Tu.-bine Discharge Duct -200 to 1 1400 x

TFTD-8 Fuel Turbine Discharge Duct -200 to , 1400 x a

TFTI- I P Fuel Turbine Inlet TFTI 0 to 1800 x x

TFTO Fuel Turbine Outlet TFT2 0 to 1800 x

TGGO-lA Gas Generator Outlet GGTI 0 to 1800 x x "

THET-1P Helium Tank NNTI -350 to '100 a

TNODP Oxidizer Dome Purge 0 to 1300 xTOBS- I Oxidizer Bootstrap Line -300 to 1250 x

TOBS-2 Oxidizer Boutstrap Line -300 to +250 x

TOBS-2A Oxidizer Bootstrap Line -300 to +250 x

TOBS-2A Oxidizer Bootstrap Line -300 to +250 x
TOBS-3 Oxidizer Bootstrap Line -300 to +250 x

TOBS-4 Oxidizei Bootstrap Line -300 to +250 x
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TABLE I1l-I (Continued)

AEDC Tap Micro- Magnetic Oscillo- Strip X-Y
Code Parameiez No. Range SADIC Tap, graph_ Chart Plotter

"Temperatures OF

TOBSCI Oxidizer Bootstrap Conditioning
Inlet 0 to 100 x

TOBSCO Oxidizer Bootstrap Conditioning
Outlet 0 to 100 x

TOBV-1A Oxidizer Bleed Valve GOT2 -300 to -250 x

TOPB-lA Oxidizer Pump Bearing Coolant POT4 -300 to -250 x

TOPD-IP Oxidizer Pump Discharge POT3 -300 to -250 x a a x

TOPD-2 Oxidizer Pump Discharge POT3 -300 to -250 x

TOPI- I Oxidizer Pump Inlet -310 to -270 x x

TOPI-2 Oxidizer Pump Inlet -310 to -270 x x

TORPO Oxidizer Recirculation Pump
Outlet -300 to -250 x

TORPR Oxidizer Recirculation Pump
Return -300 to -140 x

TORT-1 Oxidizer Tank -300 to -287 x

TORT-3 Oxidizer Tank -300 to -287 x

- TOTI-1P Oxidizer Turbine Inlet TGT3 0 to 1200 x a

TOTO-1P Oxidizer Turbine Outlet TGT4 0 to 1000 x

TOVL Oxidizer Tank Repressurization
Line Nozzle Throat -300 to +100 x

TPCC Prechill Controller -425 to -300 x

TPIP-I P Primary Instrument Package -300 to +200 x

TSC2-l Thrust Chamber Skin -300 to +500 x

TSC2-2 Thrust Chamber Skin -300 to +500 a

TSC2-J Thrust Chamber Skin -300 to +500 x

TSC2-4 Thrust Chamber Skin -300 to +500 x

TSC2-5 Thrust Chamber Skin -300 to +500 x

TSC2-6 Thrust Chamber Skin -300 to +500 X

TSC2-7 Thrust Chamber Skin -300 to +500 x

TSC2-8 Thrust Chamber Skin -300 to +500 x

TSC2-9 Thrust Chamber Skin -300 to 4500 x

TSC2-90 Thrust Chamber Skin -300 to +500 x

TSC2-10 Thrust Chamber Skin -300 to +500 x

TSC2-12 Thrust Chamber Skin -300 to +500 x

TSC2-13 Thrust Chamber Skin -300 to +500 x x

TSC2-14 Thrust Chamber Skin -300 to +500 X

TSC2-15 Thrust Chamber Skin -300 to +500 x

TSC2-14 Thrust Chamber Skin -300 to +500 x

TSC2-17 Thrust Chamber Skin -300 to +500 x

TSC2-18 Thrust Chamber Skin -300 to +500 x

TSC2-19 Thrust Chamber Skin -300 to +500 x

STSC2-20 Thrust Chamber Skin -300 to +500 x

I
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TABLE I11-1 (Concluded)

AEDC Tap Micro- Magnet'c Oscillo- Strip X-Y
Code Paxameter No. Range SADIC Tape graph Chart Plotter

Temperatures *F

TSC2-21 Thi ust Chamber Skin -300 to +500 x

TSC2-22 Thrust Chamber Skin -300 to +500 x

TSC2-23 Thrust Chamber Skin -300 to +500 x

TSC2-24 Thrust Chamber Skin -300 to +500 x

TSECP Skin, Electrical Control Package -50 to +250 x

TSOVAL-l Oxidizer Valve Closing Control
Line -200 to 4100 x

TSOVAL-2 Oxidizer Valve Closing Control
Line -200 to - 100 x X

TSOVC-1 Oxidizer Valve Actuator Cap -325 to 415, x

TSOVC-2 Oxidizer Valve Actuator Filter
Flange -325 to +150 x

TSPIP Skin, Primary Instrument Package -50 to +250 x

TSTDVOC Start Tank Discharge Valve Open-
ing Control Port -350 to +100 x

IrTC-lP Thrust Chamber Jacket (Control) CSI -425 to +500 x x

TTCEP-1 Thrust Chamber Exit -425 to +500 x

Vibrations g

UFPIt Fuel Pump Radial 90 deg ±200 x

UOPH Oxidizer Pump Radial 90 deg ±200 x

UTCD-! Thrust Chamber I •me ±500 x x

U'I CD-2 Thrust Chamber Dome +500 x x

UTCD-9 Thrust Chamber Dome ±500 x x

U1VSC No 1 Vibration Safety Counts on/off x

U2VSC No 2 Vibration Safety Counts on/off x

Voltage Volts

VCB Control Bus 0 to 36 x x

VIB Ignition Bus 0 to 36 x x

VIDA Ignition Detect Amplifier 9 to 16 x x

VPUTEP Propellant Utilization Valve
Excitation 0 to 5 x
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d. Start Tank Discharge Valve

Fig. 111-1 Continued
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APPENDIX IV
: METHODS OF CALCULATION

(Performance Program)

NOMENCLATURE

A Area, in. 2

B Horsepower, hp

SC* Characteristic velocity, ft/sec

Cp Specific neat at constant pressure, Btu/Ilb/F

D Diameter, in.

H Head, ft

h Enthalpy, Btu/lbm
om

M Molecular weight

N Speed, rpm

P Pressure, psia

Q Flow rate, gpm

R Resistance, sec2/ft3-in. 2

r Mixture ratio

T Temperature, °F

TC* Theoretical characteristic velocity, ft/sec

W Weight flow, lb/sec

Z Pressure drop, psi

Ratio

ix Ratio of specific heats

Zi Efficiency

0 Degrees

p Density, lb/ft3

SUBSCRIPTS

A Ambient

AA Ambient at thrust chamber exit

41 B Bypass nozzle

if 73
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BIR Bypass nozzle inlet (Rankine)

BNI Bypass nozzle inlet (total)

C Thrust chamber

CF Thrust chamber, fuel

CO Thrust chamber, oxidizer

CV Thrust chamber, vacuum

E Engine

EF Engine fuel

EM Engine measured

EO Engine oxidizer

EV Engine, vacuum

e Exit

em Exit measured

F Thrust

FIT Fuel turbine inlet

FM Fuel measured

FY Thrust, vacuum

f Fuel

G Gas generator

GF Gas generator fuel

GO Gas generator oxidizer

HI Hot gas duct No. 1

HIR Hot gas duct No. 1 (Rankine)

H2R Hot gas duct No. 2 (Rankine)

IF Inlet fuel

10 Inlet oxidizer

ITF Isentropic turbine fuel

ITO Isentropic turbine oxidizer

N Nozzle

NB Bypass nozzle (throat)
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NV Nozzle, vacuum

O Oxidizer

OC Oxidizer pump calculated

OF Outlet fuel pump

OFIS Outlet fuel pump isentropic

OM Oxidizer measured

00 Oxidizer outlet

PF Pump fuel

PO Pump oxidizer

PUVO Propellant utilization valve oxidizer

RNC Ratio bypass nozzle, critical

SC Specific, thrust chamber

SCV Specific thrust chamber, vacuum

SE Specific, engine

SEV Specific, engine vacuum

T Total

To Turbine oxidizer

TEF Turbine exit fuel

TEFS Turbine exit fuel (static)

TF Fuel turbine

TIF Turbine inlet fuel (total)

TIFM Turbine inlet, fuel, measured

TIFS Turbine inlet fuel isentropic

TIO Turbine inlet oxidizer

t Throat

V Vacuum

v Valve

XF Fuel tank repressurant

XO Oxidizer tank repressurant
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PERFORMANCE PROGRAM DATA INPUTS

Item Parameter
No.

1 Thrust Chamber (Injector Face) Pressure, psia

2 Thrust Chamber Fuel and Oxidizer Injection Pressures,
psia

3 Thrust Chamber Fuel Injection Temperature, °F

4 Fuel and Oxidizer Flowmeter Speeds, Hz

5 Fuel and Oxidizer Engine Inlet Pressures, psia

6 Fuel and Oxidizer Pump Discharge Pressures, psia

7 Fuel and Oxidizer Engine Inlet Temperatures, *F

8 Fuel and Oxidizer (Main Valves) Temperatures, *F

9 Propellant Utilization Valve Center Tap Voltage, volts

10 Propellant Utilization Valve Position, volts

11 Fuel and Oxidizer Pump Speeds, rpm

12 Gas Generator Chamber Pressure, psia

13 Gas Generator (Bootstrap Line at Bleed Valve)

Temperature, 'F

14 Fuel* and Oxidizer Turbine Inlet Pressure, psia

15 Oxidizer Turbine Discharge Pressure, psia

16 Fuel and Oxidizer Turbine Inlet Temperature, °F

17 Oxidizer Turbine Discharge Temperature, °F

*At AEDC, fuel turbine inlet pressure is calculated from

gas generator chamber pressure.
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PERFORMANCE PROGRAM EQUATIONS

MIXTURE RATIO

Engine
WEG

rE = EWEF

WEO = WOM - WXO

WEF = WFM - WXF

WE = WEO + WEF

Thrust Chamber

rc =Wco

WCF

WCO = WOM - Wxo - WGO

WCF = WFM - WXF - WGF

WXO = 0.8 lb/sec

WXF = 1.8 lb/sec

WGO = WT - WGF

WT
WGF - I + rG

WT = PTIF ATIF K 7
TC*TIF

K7 = 32.174

WC = WCO + WCF

CHARACTERISTIC VELOCITY

Thrust Chamber

C*= K7 Pc A,
W-c

K7 = 32.174
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DEVELOPED PUMP HEAD

Flows are normalized by using the following inlet pressures, tem-
peratures, and densities.

PlO = 39 psia

PIF = 30 psia

PlO = 70.79 lb/ft3

PIF = 4.40 lb/ft3

TIo = -295.212 0 F

TIF = -422.547°F

Oxidizer
Ho = K,4 (Poo 

PION

K4 = 144

p = National Bureau of Standards Values f (P,T)

Fuel
[If = 778.16 AhOFIS

AhOFIS = hOFIS - h1F

hOFIS = f(P,T)

hIF = f(P,T)

PUMP EFFICIENCIES

Fuel, Isentropic

hOFIS -hIF

= hoF hlF

hoF = f(PoF, TOF)

Oxidizer, Isentropic

17o = 17oc Yo

•oc = K40Qo 2 + K50 /-•o) ý
K = 5.052K60

(O)2 K50QpN0)

K40 = 5.0526

K5o = 3.8611
K60 = 0.0733

Yo = 1.000
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TURBINES

Oxidizer, Efficiency

'iTO =

BTO = K5 Wp. HOqo

K5  = 0.001818

Wpo = WoM + wpuvo

ZpUVO P00
WPUVO = ZPUvO POO

Zpuvo = A + B (Poo)

A = -1597

B = 2.3828

IF Poo __ 1010 Set Poo 1010

7
In R A 3 + B3 (0 pUVO) + C (OpUVO)

3 + D 3 (e)

+ E3 (
0puvo) (e) + F 3 e) J

A3 = 5.5659 x 10-

B3 = 1.4997 x 10-2

C3 = 7.9413 X 10-6

D3 = 1.2343

E3 = -7.2554 x 10-2

F 3 = 5.0691 x 10-2

Opuvo = 16.5239

Fuel, Efit ncy

BTF
'ITF - B :F

BITF = K10 Ahf WT

Ahf = hTIF - hTEF

BTF = BPF = K5 (WpF Hf

WPF = WFM

K10 = 1.4148

K5 = 0.001818
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Oxidizer, Developed Horsepower

BTO = BpO + K 5 6

BPO= Ks Wpo Hon/o

K5 6 = -15

Fuel, Developed Horsepower

BTF = BPF

BPF = K5  WPF Hf

qif

WPF = WFM

Fuel, Weight Flow

WTF = WT

Oxidizer Weight Flow

WTO WT - WB

2 YH9
WB 2K7 H2 YH2 ANB PBNI

YH2-1 -j (RH2TBIR)H R

PRNC = f (I3NB, Y1 2)
PNB =DNB

DB

YH2' MH2 = f(TH2R, RG)

ANB = K1 3 DNB

K1 3 = 0.7854

TBIR = TTIO + 460

PBNI = PTEFS

PTEFS = Iteration of PTEF
YH2

"PE TFS1+K T TH2R YH2-1ý Yn2-1

PTEF =TEFS [1 + K8 (PTEFS D4 TEF MH2 YH2

K8 = 38.8983
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GAS GENERATOR

Mixture Ratio

r( = D1 (THI)3 + C1 (THI) 2 + BI (THI) + A,

Al 0.2575

Bl = 5.586 x 10-4

Cl = -5.332 x 10-9

Dl = 1.1312 x 10-11

THI TTIFM

Flows

TC*TIF = D (THi)3 + C2 (TH 1)
2 + B2 (THi1) + A2

A2 = 4.4226 x 10j

B2 - 3.2267

C2  -1.3790 x I0-

D2 = 2.6212 x lor--7 SYHIF1 __TF THIR YHI-1

PTIF = PTIFS I + K8 (WT) D'TIF MRi1 YI 1

K 8 = 38.8983

Note: PTIF is determined by iteration.

THIR = TTIF

MHi, YHI, •p, rHi = f (T'nIR, rG)
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